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ABSTRACT 

Observa t ions  of J u p i t e r  by m u l t i c o l o r  p h o t o e l e c t r i c  
0 

photometry i n  1 0  narrow bands between 3150 A and ~ 0 6 ~  and 

i n  UBV showed a b r i g h t e n i n g  f o r  s h o r t e r  wavelengths  i n  1965 

r e l a t i v e  t o  1963e  An o p p o s i t e  e f f e c t  o c c u r r e d  for t h e  band 

a t  7300 A ,  These r e s u l t s  are c o n s i s t e n t  w i t h  obse rved  
0 

a c t i v i t y  i n  t h e  J o v i a n  atmosphere,  No obvious  c o r r e l a t i o n  

c o u l d  be found between b r i g h t n e s s  f l u c t u a t i o n s  and l o n g i t u d e  

o f  the c e n t r a l  mer id i an ,  i n d i c a t i n g  t h a t '  t h e  a c t i v i t y  was 

uni form i n  l o n g i t u d e  o r  o c c u r r e d  on t i m e  s c a l e s  s h o r t  

compared t o  a m~nvk; 



I 

I. INTRODUCTION 

R e s u l t s  o f  a program o f ,  m u l t i c o l o r  p h o t o e l e c t r i c  

photometry of t he  p l a n e t  J u p i t e r  between t h e  dates June  3,  1963, 

and December 19 ,  1965, have been  r e p o r t e d  by  I r v f n e ,  e t  ale 

(1968a; P a p e r  11) and I r v f n e ,  e t  a l 0  ( l968b ;  Paper  III) ,  

Obse rva t ions  were made at b o t h  t he  L e  Houga Observa tory  i n  France  

and t h e  Boyden Observa tory  i n  South  A f r i c a ,  u s i n g  1 0  narrow bands 

i s o l a t e d  by i n t e r f e r e n c e  f i l t e r s  between 3150 A and 1006p, and 

a l s o  i n  UBV, The narrow bands were g i v e n  t h e  d e s i g n a t i o n s  

v-u-s-p-m-1-k-h-g-e as i n d i c a t e d  i n  Tab le  I o  The p r e s e n t  

paper examines these data f o r  t i m e  v a r i a t i o n s  o v e r  t h e  thhree 

year o b s e r v i n g  p e r i o d ,  

0 

11, ANALYSIS 

Using a l i n e a r  l ea s t  s q u a r e s  f i t  t o  t h e  data o f  Papers 

I1 and I11 w e  found g e n e r a l l y  good agreement  f o r  t h e  magnitudes 

a t  u n i t  d i s t a n c e  and z e r o  phase m ( l , O )  f o r  each f i l t e r  between 

t h e  two s i t e s ,  I n  o r d e r  t o  i n v e s t i g a t e  J o v i a n  b r i g h t n e s s  

v a r i a t i o n s  ove r  y e a r l y  p e r i o d s  w e  de t e rmined  m ( l , O >  f o r  t h e  th ree  

years separately.  F o r  e a c h  year ,  there  was a g a i n  f a i r l y  good 

agreement between s i t e s  when the  dates of o b s e r v a t i o n  covered  

about  the  same p e r i o d ,  The data from t h e  two s i t e s  were t h u s  
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combined. Correspondfng values of  m ( l , O )  and geomet r i c  a lbedo  

p f o r  e a c h  year are g i v e n  i n  T a b l e  11. The geomet r i c  a lbedo  

i s  computed from 

loglo p = 0.4[mo - m ( l , O ) ]  -2 log lOsina '  
1 3  

where rno and a i  = 95".07 were t a k e n  from Pape r  11, Ffg.  1 

shows t h e  s p e c t r a  f o r  each  o f  t h e  th ree  y e a r s  separately,  

We observe  a b r i g h t e n i n g  a t  t he  shorteza wavelengths  i n  1965 

r e l a t i v e  t o  1963 e x c e p t  f o r  f i l t e r  v ( A  3150) .  A t  l o n g e r  

wavelengths  ( A  - > 6264 A )  t h e  b r i g h t n e s s  i s  mope n e a r l y  

c o n s t a n t  from year t o  year excep t  in f i l t e r  h (7297 A ) ,  At 

t h i s  wavelength  J u p i t e r  i s  s y s t e m a t i c a l l y  b r i g h t e r  i n  1963 

r e l a t i v e  t o  1964 by 0 , 1 4 m  and r e l a t i v e  t o  1965 by O,l8m, 

T h e r e  t h e r e f o r e  appea r  t o  b e  r e a l  c o l o r  changes i n  J u p i t e r  

ove r  t h e  th ree  year  p e r i o d ,  

0 

0 

Our o b s e r v a t i o n s  azae c o n s i s t e n t  w i t h  and. g i v e  f u r t h e r  

i n f o r m a t i o n  on a c t i v i t y  p a t t e r n s  o f  t h e  p l a n e t  J u p i t e r .  

According t o  Focas and Banos (1964)  and a .wel1 a c c e p t e d  

atmospher3.c mode1 by WasfutEnsky ( 1 9 4 6 )  , t u r b u l e n c e  i n  t he  

J o v i a n  atmosphere r e s u l t s  i n  t h e  appearance  o f  dark m a t t e r  

which u s u a l l y  takes  t h e  form o f  dark  b l o t c h e s ,  f i l a m e n t a r y  

s t r i p s ,  and v e i l s .  It i s  obvfous t h a t  t h e  appearance  and 
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d i s a p p e a r a n c e  of  dark mateer, i f  n o t  b l a c k ,  w i l l  r e s u l t  i n  a 

c o l o r  change o f  t h e  p l w e t ,  Focas and Banos (1964)  and 

Aksenov e t  a l e  (1967)  photographed J u p i t e r  o v e r  t h e  p e r i o d s  

1957 th rough  1963 and 1964 t o  ea r ly  1965, r e s p e c t i v e l y ,  i n  

o r d e r  t o  measure i n t e n s i t y  v a r i a t i o n s  o f  t he  p l a n e t ,  They 

used an a c k i v f t y  f a c t o r  d e f i n e d  by Focas and Banos which 

i s  a measure o f  the  amount of  dark matter observed  on t h e  

d i s k .  The amount o f  da rk  m a t t e r  i n c r e a s e d  from 1961 t o  

1963 when t h e  a c t i v i t y  f a c t o r  r eached  a maximum and o u r  

f i l t e r  h appeared anomalous, There was t h e n  a d e c r e a s e  i n  

a c t i v i t y  u n t i l  e a r l y  1965. According t o  Aksenov e t  %lo, i t  

seems tha t  J u p i t e r  had r e t u n e d  i n  l a t e  1965 t o  a "quas i -  

normal" s t a t e ,  Note t ha t  s o l a r  a c t i v i t y  was i n c r e a s i n g  i n  

1965 a f t e r  b e i n g  a t  a minimum i n  l963- lg64 ,  Khodyachikh as 

quo ted  by  Aksenov e t  al, ( s 9 6 7 )  found no  c o r r e l a t i o n  between 

t h e  JovPan a c t i v i t y  f a c t o r  and s o l a r  a c t i v i t y  ove r  a p e r i o d  

from 1932 t o  195g0  However, S h a p i r o  (1953) r e p o r t s  such  a 

c o r r e l a t i o n  i n  b l u e  an ye l low S i g h t  f o r  t he  p e r i o d  1926-1950 

/ 

The f r a c t i o n  o f  s o l a r  energy  i n c i d e n t  in t h e  observed  

' wavelength  r e g i o n  and absorbed  by t h e  p l a n e t  may b e  e s t i m a t e d  

from 

where Xl = O,3p5pcI, A 2  = l . , O & ~ ,  and F ( h )  9s t h e  s o l a r  spec t fum 
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( t a k e n  from A l l e n  ( 1 9 6 3 ) ) 0  We f i n d  

p" (1963)  = . 4 l l  

P" (1965) = ,427  
( 3 )  

s o  t h a t  there was an estimated change o f  4% i n  t h e  r e f l e c t e d  

r a d i a t i o n  and a co r re spond ing  change o f  3% i n  t he  absorbed  

r a d i a t i o n  ( I -p")  i n  t h i s  wavelength  i n t e r v a l  (an a c c u r a t e  

d e t e r m i n a t i o n  o f  t h e  s p h e r i c a l  a lbedo  would r e q u i r e  a know- 

l edge  o f  p o s s i b l e  changes i n  t h e  phase  I n t e g r a l  q ( X ) )  ., The 

observed  change is q u i t e  small, p a r t i c u l a r l y  when compared 

w i t h  Low9s (l .969) o b s e r v a t i o n s  of a change i n  thermal  emis s ion  

b y  a f a c t o r  of 2 . 5  w i t h i n  t h e  l a s t  few y e a r s  

We i n v e s t i g a t e d  t h e  p o s s i b i l i t y  of" a c o r r e l a t i o n  between 

t h e  de t a i l ed  v a r i a t i o n  i n  t h e  magnitudes a t  3590 A", 5012 A", 

7297 A":, and. 8595 A" and the  l o n g i t u d e  of  t h e  c e n t r a l  mer id i an  

w, R e s i d u a l s  w i t h  r e s p e c t  t o  t h e  mean J o v i a n  phase cu rves  

weye deterdazed u s i n g  a l i n e a r  l ea s t  s q u a r e s  fit f o r  each  

year of o b s e a v a t f o n ,  The c e n t r a l  mer id i an  was de te rmined  .from 

time of o b s e r v a t i o n s  w i t h  f i l t e r  h and t h e  American Epher imer i s  

and N a u t i c a l  Almanac ___m- f o r  b o t h  systems o f  r o t a t i o n  I and I1 (most 

o f  t h e  da rk  matter seems t o  a p p e a r  i n  t h e  Sys tem I1 area),  P l o t s  

of t h e  r e s i d u a l s  v e r s u s  w f o r  each y e a r  show no obvious cor- 

r e 9 a t i o n s .  S i m f f a r  amlyses  f o r  t i m e  p e r i o d s  of one month 

a l s o  showed no e f f e c t ,  T h f s  s u g g e s t s  t ha t  a c t i v i t y  
- 



was r a t h e r  uniform w i t h  r e s p e c t  to l o n g i t u d e ,  o r  t h a t  

f l u c t u a t i o n s  o f  t h e  o r d e r  of  o u r  observed  r e s i d u a l s  

(2 k 0,08m) occur  on a t i m e  s c a l e  s h o r t  compared to a month, 

S ince  v a r i a t i o n s  o v e r  p e r i o d s  of t h e  o r d e r  of two or th ree  

months and also d a i l y  f l u c t u a t i o n s  ( s e e  Aksenov, e t  al0 ( 1 9 6 7 ) )  

have been  observed ,  OUT” r e s u l t s  aFe no t  s u r p r i s i n g ,  No 

c o r r e l a t i o n  was found w i t h  t h e  p o s i t i o n  o f  t he  Great Red Spot,, 
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FIGURE CAPWONS 

FPgure 1: Magnitudes m(l,O> of J u p i t e r  ek;% u n i t  d fs tqnce  

and z e r o  phase f o r  the years 1963-65; 
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TABLE I1 

S p e c t r a l  Reflectivity of Jupiter for 1963-65. 

F i l t e r  

V 

U 

-8 ,98 .348 
9 .03  

-901s 0390 
9 , 0 2  

S 

P 

m 

k 

h 

-8.75 . 2 8 2  
+ , O %  

-8 .80,  .295 
2 . 0 2  

-8 ,78  .289 
2 . 02  

e 

U - 8 , 0 3  . 3 0 1  
9 , 0 2  

B 

v -90.3 0 502 
2 , 0 %  
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